Q1
Use the HDR source calibration worksheet to calculate the source strength on the day of measurement and compare with the value stated on the source certificate. In your answer booklet show your workings
[image: ]


Q2
Consider a prostate treatment that involves the implantation of around 15 needles. The source is required to step thorough these needles delivering a total dose to the prostate which is prescribed by the radiation oncologist. Describe each of the uncertainties associated with such treatment and discuss suitable margins that you think might be appropriate to account for these uncertainties. Your answer should consider the uncertainties in the parameters used in the TG-43 formalism along with any other errors that you think may impact on the ability to accurately deliver the prescribed dose.
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Q3

[bookmark: _GoBack]Review Section VI of Comprehensive Brachytherapy – Physics and Clinical Aspects, Edt. Jack L M Venselaar et al, Taylor and Francis Publishers (CRG Group), 2013 http://opac.library.usyd.edu.au:80/record=b4964596~S4) and discuss the advantages and disadvantages of 3D treatment planning for cancer of the cervix compared with the recommendations of ICRU 38.
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S outlinedabove, it s relevant to consider application of PTV mar-
/ \ gins i the longitudinal direction, which is nto the uterus and.

source), the dose gradient Is
gradient decreases 1o arous

BT except for nonuniform margins, which are dependent on the
direction of source catheters.

17.4 Intracavitary BT in Cervix Cancer

Intracavitary BT in cervix cance
with the use of a combination
‘and vaginal sources (e, ring, ovoids, mold). When 3D image

guided BT Is performed, adaptive target volumes are defined
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Developments in Gynecologic
Brachytherapy Dose Recording and
Reporting: From ICRU Report 38
to Image-Guided Brachytherapy

241 Preface 369
242 Introduction 370
243 Concepts Used in ICBT. )

Treatment Techniques + Absorbed Dose ater and Ve Dekinitions -

eporting Absorbed Doses and Volumes in
i 7
7

s + HDR Radicbiclogy + Data Cormparison
Mignano Future Work + Clinial ractice Recommendations

mivrsicy Scbol of Medicine 377

24.1 Preface

0

)
=
2
=
S
o

of 523

399

1t has been more than 25 years since ICRU Report 38, “Dose and
Volume Specification for Reporting Intracavitary Therapy in
Gynecology” was first published (ICRU 1985). This report pro-
Vided a basis for source specifcation and dose reporting with ref-
erence to anatomic landmarks during gynecologic brachytherapy
(BT) procedures. The recommended reference volume concept
shoukd provide means to compare {reatment outcomes among.
various linical faclities. Th
facilitated treatment in patients with “abnormal” anatomy and
for whom the calculations provided by the previously employed
Stockholm, Paris, and Manchester systems were not optimal.
provided guidelines for recording and report.
‘normal tssues (bladder and rectum)
Iymphatic system during the use of
or high-dose-rate (HDR) intracavi-

(EBRT) and ICBT for the treatment of cervical cancer and other
gynecologic malignancies.

ing sources replace radium.
n directive treatment parameters likely not
ate for use with new source types.

units accepted as standard terminology.
mputer-generated treatment calculations allow dose
distributions in multiple planes.

‘Taken toether, the recommendations provided within ICRU
Report 38 would. uniformity in treatment prescriptive
parameters and faclitate comparison of treatment outcomes
among faciltis. To help standardize reporting of gynecologic
ICBT, ICRU Report 38 provided a list of minimum data to be
recorded for each procedure. These included

A-A description of technique used, tht is, HDR versus
pulsed dose rate (PDR) versus LDR. type of appicator
employed

5. The total reerencear kerma

. The reference vokume

. The absorbed dose a tandard referencepoints .. biad-
derand ecalpoins)

. Time dose or fractonation pattern
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Point A historically has had near universal use (except forthe

readily defined even
ticesand thereby provides some universal sandard for compas
son ofclinical outcomes I disparate facllte. Th use o pol
AlandB) aine

B given the technical
marily related to

point doses within adjacent normal structures in predicting out.
comes (Poter et al.2001). As such,  move was made toInegrate
algorithms. These

advanced disease. They considered th
et volume,
during ICBT justas was the case f

nology and equipment for clinical pract
rs and sources having a defined a

and irradiated volume) could then carry over
practice. The authors did, however, note

Comprehensive Brachytherapy

cancer employing Manchester, Pari, or Stockholm plans,there
were sl considerable deficiencies. While HDR ICBT was prac
ticed In the decade (or longe) aftr the reease of ICRU Report
38, treatment planning was most often done with 2D imaging
(even when 3D imaging was available), and doses were most
ofen prescrbed and recorded at the polats A and B and rec
and bladder pointsashad been used fr decades with LDR ICBT
and the Manchestersystem.

24.3 Concepts Used in ICBT
24.3.1 Treatment Techniques
24.

In the spring of 1985, when ICRU Report 38 was published,
DR BT and the use of individualized computerized BT

Radium Substitutes

loyed in LDR BT if used for HDR BT would result
different clinical outcomes in both tumor and

24.3.1.2 Simulation of Linear Sources
LDR sources used in gynecologic ICBT are

and -2 cm in length and ~4 mm in diameter. Commercially
supplied HDR sources are typically much smaller (5 mm in

employed during LDR BT. The ability to use short
es and small interval distances for source placement

e for standard LDR sources
to use small applicators given the small

being abl
source size.

24.3.1.3 Dose Rates
“The HDR source provi

es dose rates In excess of 20 cGy per min-

@
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Developments in Gynecologic Brachytherapy Dose Recording and Reporting an

(210 12 Gy per hour) i seldom employed clinically. (More will
be said lter about the effect of dose rate on biologic response)

24.3.1.4 Afterloading Technigues

Whereas LDR ICBT applicators typically utilize manually
afterloaded sources, modern HDR ICBT employs computer-
controlled remotely driven sources. This eliminates the poten
tal for exposure of clinical staff during normal ICBT practice,

tures. Remte afterloading HDR BT was developed and used in
limited clinical roles in the mid-1970s and was commercially
only I

rithms that the abilty o readily ndividuallze treatment become
utilized. The subsequent wide availbilty of high-resolution CT
and MR imaging and the abiity to generate 3D image recon-
struction prompted the development of BT applicators compat.

ble with those imaging modalites. Morcover, the radiobiology
of HDR BT was not fully appreciated until even lter. As such.
ICRU Report 3825 published in 1985 could not be considered the
definitiv guide for BT i the modern era. To fully take advan-

tage of HDR remote aferloading BT, a number of issues would
have to be addressed. These would include better image def-

niton of the “target volume” and adjacent normal structures,
improved dosimety, and improved understanding of tme-dose
relationships.

24.3.2 Absorbed-Dose Pattern and
Volume Definitions

24321 Absorbed-Dose Pattern

ICRU Report 38 did discuss the differences in soft tissue
absorbed dose from EBRT employing photon beams and ICBT
Inthe time that has passed

use ofbetter immobilization and localization devices and image
guidance during both EBRT and ICBT, practitioners have been
leve more accurate and reproducible dose delivery
4 tissues. With the exception of somewhat broader
of proton EBRT and the demise of *Cf ICBT (at
leastin the Western Hemisphere) the changes in absorbed dose
patterns have been evolutionary and not revolutionary, and will
notbe further discussed.

24322 Volumes

“Treatment planning in the early days of BT was based on cli-
nician's physical evaluation, wh
ization of the tumor volume (intially limited to the clinical

‘examination and “educated” fingertips) and 2D plain-film imag-
ing, Additional treatment of “regions a risk” was based on the
usual natural progression of

19805, more ecently along wi
tors represented a significant moy

this practice be widely accepted and employed.

243221 Treatment Volume
High-speed dedicated BT treatment planning systems for HDR

BT in conjunction with optimized external beam treatment

plans represents the current standard of care in comprehensive

. radiotherapy treatment planning, These systems, when used with

high-resolution CT and MR scanners, permit rapid generation

2D isodose lines superimposed on s_.xz,.s_ simulation films.

2432.2.2 Reference Volume
ICRU Report 38 recommended recording and reporting the ref-
erence volume for ICBT, which was the volume enclosed by a
reference isodose surface. The use of defined reference volumes

useof moderntrestmentplann
g equpment allowsrapid D
ference voumespertinen toa

243223 Iradiated Ve
In ICRU Report
sue recelving a s
planning systems and imaging equipment faciltate rapid DVH
generation. I this Way, V;, Vs, Vs etc. (the volume recelving a
specified absorbed dose in Gy at standard fractionation) can be
recorded and reported 50 as to accumulate data that may sup-
port a specific threshold for a ertain event.

243224 Organsat Risk

complications.
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24.3.3 Specification of Radioactive Sources

ICRU Report 38 recommended that the reference air-kerma
rate be recorded and reported, as appropriate (the quantity is
expressed in uGy/h at 1 m). This task has been simplifed since
1985 in that radium sources are no longer used in the Western
world due to radiologic safety concerns regarding the possibil
ity of these sources rupturing during clinical us. As a result of
recent world events and concerns regarding diversion fr terror-
stactivities, LDR cesium (C) and cobalt (“Co) sourcesare no
onger commercally availabl inthe United States. They are st
avallable In other partsof the world,although a

lengths of 5 mm

. Referenceair kerma of -3.5 pGylh at 1 m i typical of
IDR sources.

24.4 Recommendations for Reporting
Absorbed Doses and Volumes
in Intracavitary Therapy

24.4.1 Introduction

U Report 38 noted

tively constant from patient to patent.

24.4.2 Description of Technique

Perrecommendations of ICRU Report 38, there would be
recording and reporting of the source characterstics includ
Ing radionuclde, eference alr-Kerma rates, and descriptions of
source size, shape, and cladding flration. Also to be recorded
and reported was  description of simulation ofsources asaln-
aar sou and description of source movemen,
when applicabl. Similarly there would be 3 description pro-
type of applicator used and whether It ontalned

In preparaion fo reament of carvial cancr via ICHT that

Comprehensive Brachytherapy

made n egards o dose and dose rates
and dose ates) at efeence points wi
tum could also be recorded, although it was unclear whether a.
oot o o sceutly el hs ot e k.

o patient in spite of
cian could draw upor

e quality of care was impaired by the imited imagl

- and simulation technology of the era.

24.5 The Modern Era (Post-1985)

The recommendations contained within ICRU Report 38 pro-
vided a framework for improved quality of ICBT and, by exten-
sion, improved outcomes for patients with cervical cancer. The
potential gains were blunted by the limitations of technology
available when ICRU Report 38 was being formulated. Starting
inthe late 19805, LDR sources and applicators were largely aban.
doned in North American and Western European practices,
as the potential for individually optimized dose distributions

th HDR sources and remote afterloading equip-
ment was realized.

24.5.1 Imaging and Applicators
of this technology wa

imaging was being installed at many facilies in developed
countris. This provided fst, simple, and accurate vol-

ume-based treatment plans. Subsequently, BT planning systems
were developed wi lar hardware and software improve-
ments to permit volume-based BT planning. The development
first of CT-compatible and then CT/MRI-compatible applcators
allowed advanced Imaglag technology to be used. thus permit-
ting; rapid acquisition of accurate treatment and tissue volumes
and generation of volume-based HDR BT plans.

CT imaging was Initally used almost exclusively, and BT
planning performed with these images did provide the poten
tialfor rapid 3D rendering and DVH generation, as tumor and
adjacent normal structures appeared to b clearly visibl. n this
way, CT-based BT planning did provide more realistc calcula-
tion of dose within tumor and adjacent OAR as conventional
orthogonal film plans tended to overestim:

orthogonal film-based
jons. For example, nves-
imaging overestimated tumor volumes

tor noed that
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resultng in Increased dose delivered o adjacent normal tissue  may bea smalldegree of uncertaiaty (+/- 1 mm) a o the source
(Viswanathan et al. 2006). location within a standard HDR tandem applicator of minimal
“There is common agreement on the supe

cally staged discas. and Improvements.

incremental. Platinum-bascd chemotherapy is ofien employed
concurrently with EBRT in the treatment of locally advanced
disease (Poter et al. 2008). Advanced imaging modalites are
routinely employed in treatment planning and are aiding in
the delivry of 3D conformal EBRT and BT. MRI Is capable of  suggested thattota dose and fractionation sze and schedule of
assessing tumor size with an accuracy of+ 0.5 cm. I isalso capa.  the EBRT and BT should be recorded and reported, s should the
ble ofasessing parametrialextension correctly 77%-96% f the  CORVersion. ctors (/e 30 @/ ) used fr calcula-
time (Potter et al. 2008). I this regard, MRI s learly superor  ton of ilogical dose from physicaldose (Gregoire et al.2004).

Subscquently, col

nodal metastasesemains poor with either CT or MRI,a n European and Nor
degree of nodal enlargement remainsa primarycritrion ommendations for BT
etal. 2008).

escalation and/or improved dose distri
taxicity (from lower maximal dose to OAR and/or smallr vol-
‘umes of OAR receiving large doses). A report on 1
with locally advanced cervical cancer would suggest
escalation would be possible without exceeding nor
tolerance (Potter etal. 2007). Despite
was not rapidly embraced. This was no doubt n large part due to
the scarcity of MR simulators and probably al group recommended the use of T2-welghted MRI with a _x::
change institutional practice and accept the technical infeiority  surface coil and MRI-cor

of CT-based BT. that Imaging must be performed

the patient in the treat

image-based BT was proposed

Guided Brachytherapy Working Group (Nag
the name of this working group (WG) implis,
s for image-guided cervical

24.5.2 Volumes

‘Though the value of diagnostic MRI in visualizing cervical can-
cer had been demonstrated, work was carried out at European
centers in Vienna, Paris, and Leuven relatively early to pro-

vide evidence that MR-image-guided BT was practicable and
clinically valuable (Haie-Meder et al. 2005; Potter et al. 2006;
regoire el al. 2004). Standard radiation therapy terminology
as well as ICRU reference point and volume definitions were
reviewed and modified or supplemented as needed to be mean.

ingful and appropriate to image-gulded therapy. Some volumes

of experience with MRI-based treatment
WG described basic concepts and terms so

planning treatment volume (3
the applicator moves along. treatment volume during

1 be no treatment
ol uncertanty whthn the paten a5 BT pan s gecrated
with 3D image guidance while the applicator s in place. There

ing, Recommendations were made for observing and recording
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GTV at diagnosis (GTY, Of BT (GTV,). The CTV  spread. When more extensive discase Is present at diagnosis.
TV,) and at completion  the patients would complete a planned course of EBRT. AL that
\e IR CTV, is based on the difference in visualized tissue

other Iterventions. In 8o case is an additional margin added to

Complete remison
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the BT treatment plan for organ motion or patient setup uncer-
50 the final CTV is the PTV (Haie-Meder et al. 2005).

dose, EQD?) isodoses. Pont A doscs and the volume within the
isodose covering point A were not recorded at one ofthe facil-
ties. Despte the nsi
dosevolume results were quite similr.
Asysemicreview of adiographic anatomy wasundertaken to
incresse the uniformity o contouring GTV and CTV. The CTV
had been previously divided nto an HR CTV and an IR CTV.
The HR CTV was defined s the volume diference in the GTV,,
a0d GV, This volume rceived 80-90 Gy (EQD2) The IRCTV
was more dificult to defne,athough the concept oftreaing a.
volume of tssue 0 a intermediat dose (60 ) was esson-
able and similar to the reduced fields” or “boost ields” com-

mented the variation In contouring among the member aclities
and even of staff within a facilty. n this case, members of the
WG dida review and compared volumes for 19 BT patints. This
work did show a high degree of uniformity for the GTV and HR
CTV contours. There were, however, significant diffrences in
the IR CTV (Dimopoulos e al. 2009%). Members of the group

quickly in the sagittal or coronal planes than in the axial plane,
bt not less accurately (Peric et al. 2008).

‘As more centers contributed to the WG, set of recommen-
dations were put forward as a synthesis of the clinical experi-

2006). These recommendations include Iy eq
dose of 80-90 Gy or more delivered to the peripheral
urgios of the GTV (GT! se would be comparable

CIV s a volume at high risk oflocal recurrence due to the high

diference in the GTV, and
ate risk of microscopic diseas
suffcient to sterilize all microscopic disease

‘These concepts were further refined with the WG second

logic BT. The recommendations were the synthesis of the work
performed at three European centers as had been GEC-ESTRO
WG (1). This mulicenter collaboration provided recommenda-
tions for standardization of dose and dose-volume reporting.

‘Once again thelinear-quadratic 2-Gy radiobiologic dose equiv-

alent (EQD2) was used for calculation of both EBRT and BT
dose contribution tothe tota dose delivered. The recommenda

tions strongly favored MR as superior to CT for delineating the
GTV and normal adjacent uterine tissue, athough CT is very
suitable as is MRI) for contouring bladder, rectum, sigmoid,
intestine, and vagina. Image acquisition parameters and QA are
very important as inaccuracies of & few:
or Z-planes during contouring can lead to signifcant

reference point doses) be recorded and reported. A
mean and maximum doses within the rectus

volume parameters
some degree of the qual
Such parameters would include the Dy, and Dy, which are the
im doses delivered to 100%and 90%, respectvel, of the
volume of nterest. They are easly derived from DVH informa
tion and can be quickly converted to EQD, doses. It should be
noted that Dy, s extremely sensitive (o pertur

apparent contours of the ROI, and as such, D s @ more useful
ool as it i mot greatly influenced by small changes in contours
of the ROI (Potter et al. 2006). The volume of tissue receiving
a specifed dose is also of interest (.., Vy i the volume receiv-
be recorded and reported as physical

toallow conversion of physical dose to biological dose.
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Itis recommended that V., and Vg be reported as this would

al point to consider i that as the total dose within a high
he fractional dose also changes,

F V(60 Gyygy) provides biological
the modern era of 3D image-guided BT from

ried out most frequently with
dedicated CT simulators due 1o the widespread availabilty of

Comprehensive Brachytherapy

these devices in most radiation oncology fciltes (in contrast to
the relatve scarcity of MR simulators) (Viswanathan and Erickson

- 2010). Moreover, some would argue in favor of CT-based planning

because of MRI's absence of electron density information and
cortical bone signal as wella the presence of intrinsic spatial dis-

- torton and magnetc suscepubility artifact in most MR.acquired

images (Barillot and Reynaud-Bougnoux 2006). Proponents of
MR based BT planning would argue that MR gives  vastly supe-
rior definition of the tumor volume, and most modern BT is car-

- ried out with ™It sources with which tissue density variation has

2 much reduced Influence on dose calculations. Similary. MRI
disortion becomes mach less of an issue whe the RO is located
within the cenralficd of view asis the case in gynecologic BT).
“The abilty todiectyacquire images insagital and coronal planes

. rather than relying on the reconstruction of axially acquired

images s an additional beneft of MRI relative to CT.
One of the first prospective clini in the United

States on real-time MR image-guided BT in the treatment of
gynecologic cancer was published in 2006 (Viswanathan et al.

e DVH generation and BT dose
prescription to be based on tumor volume, the majority (76%)
of radition oncologists continue to prescribe (o point A and

surveyed practitioners used ultrasound during Insertion, while
37% used fuoroscopy. The lead author commented that, “While
70% of ABS survey respondents used CT imaging after applica-
tor insertion, the available images are not necessarily used opti.

apy is also utilized) The impetuses for this trial are the recently
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primary aimis to .. ntroduce MRI based BT in a mlticenter
setting within the frame ofa prospective observational study and
to correlate image based DVH parameters for the clinica target
volume and organs a isk with oucome” (EMBRACE 2011). The
study seeks to enroll 600 patients with locally advanced cervi
cal cancer (stage IBI-IVA). The majority of patients willikely be
tage I1A (37%) and stage [11B (32%). It is hoped tha the results of
this trial will help °

cal models for clinical outcomes

recording and
be performed

Structures. Other parameters may be found to hav prognostic
significance s more data from Inreasing numbers of faclls
are accumulated. At the time of publiction of this chaper
1CRU Report 38 revision committe has been formed and has
been working formore than I yearon the forml update of ICRU
Report 38 The ABS s currently writng new recommendations
forIGBT that include prescriptiv guideline,in addition tocon-
touring, recording, and reporting guidelines and, in this way.

ers from GEC-ESTRO WG recommendations; Hale-Meder
etal. 2005; Potter et al. 2006)]
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.1 Introduction: Formation
of Uncertainties and
Their Determination

Uncertainties as a topic have been receiving much more atten-
tion recently. The use and investigation of uncertainties in
medical physics have grown to include a number of publica-
tions on uncertainty determination in radiation dosimetry for
both external beam and brachytherapy applications (Mitch ct al.
2009; DeWerd et al. 2011). The chapter (Mitch et al. 2009) in the
2009 American Association of Physicists in Medicine (AAPM)
Summer School addresses this topic for high-dose-rate (HDR),
pulsed-dose-rate (PDR), and low-dose-rate (LDR) sources.
‘The recent publication (DéWerd et al. 2011) elaborates on LDR
sources. For both HDR and LDR applications, the division of
the topic involves the uncertainty in the source, the uncertainty
in the calibration and measurement, and finally the uncer-
tainty involved in the source parameters, which would include
Monte Carlo (MC) calculations. This chapter will only deal with
photon-emitting sources.

15.1.1 Calibration Uncertainties

Primary standard dosimetry laboratories (PSDLs) provide cali-
brations with the smallest uncertainty possible to the conven-
tional true value, from which the uncertainty chain begins. The
chain continues through the secondary laboratories and then the
transfer of these uncertainties through the clinical calibration
process. Separately, determination of the dosimetric parameters
is performed by measurement or MC calculations. However, this
chain involves the calibration of the source as well, either from
a primary or a secondary laboratory. It is preferable that the
parameter is traceable to a primary standard.

Reference dosimetry is, by definition, directly traceable to a pri-
mary laboratory. This traceability is usually transferred to the clinic
through a primary laboratory, an accredited dosimetry calibration
laboratory (ADCL) in the United States, or through a secondary
standard dosimetry laboratory (SSDL). In this chapter, the propa-
gation of uncertainty from the primary calibration standard to the
ADCL and finally to the clinic is detailed according to the recom-
mendations of the International Organization for Standardization
(ISO) 17025:2005 report (Honsa and McIntyre 2003).
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This chapter also addresses uncertalaties. pertaining to
photon.emilting brachytherapy source dosimelry, delermined
by MC-estimated and experimentally measured values. The

developing an uncertainty budget.

15.1.2 Methodology of Uncertainty Estimation

ms accuracy and

" et The t Type B componeatof nce

Comprehensive Brachytherapy

precision are still maintained but with slightly different defini-

approach for uncertainty propagation s to com-
bine observed and estimated uncertainties at the level of one

- standard deviation and apply  coverage factor, k. to express dif-

fering levels of confidence In lue (65%:

standard practice

150 17025:2005 report (Honsa and Mclatyre 2003).

Each component of uncertainty is described by an estimated
standard deviation known as the standard uncertainty, u. For
A component of uncertainty, , the standard uncer-

mate of the corresponding standard deviation of an assumed

- probabiliy distribution (eg. normal, rectangular, or triangu-

For the recta
chance betweer
can be estimated by

tion, all values have an equal
d the Type B uncertainty

F
weT as2)

Historical data In the form of control charts from a given
‘measurement process o manufacturer claims may be used to

24 A and Type B components. chapter, uncertainty
propaation 1 accomplihed by quadratic summation of the
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Uncertainties Associated with Brachytherapy Source Calibrations and Dose Calculations 215

h 2 68% level of confidence. The expanded
U= ku, where k s the coverage factor,

confidence, and U = 3u, (k = 3) defines an interval
level of confidence.

15.2 Uncertainty in Brachytherapy
Source Dosimetry Characterization

There are a number of uncertainties involved in brachytherapy
dosimetry measurements and MC calculations. These mea-
surements and calculations are usually performed at rescarch
facilities outside of the clinic. Dosimelry investigators should

and specify them In their pub-
. Traceability to the primary standards is crucial for
these measurements, and therefore, the calibration material
later in this chapter should be considered for this section as
well

15.2.1 Other Source Parameters Involved
in Dosimetry Characterization

the results are averaged (Rivard et al. 2004b, 2005). Variations
around the LDR source have been demonstrated in the calibra-
tions performed at NIST (Mitch and Seltzer 2007).

15.2.2 Measurements for Dosimetry
Characterization

Generally most measurements of TG-43 dosimetry parameers
are done using TLD:s. There are unique challenges o measuring
radiation dose Inthe presence of cither  high.-dose gradic

very low dose rate, particulary for low-energy phol
sources. The

a wide dynamic range, flat en
dimensions, and adequate sens

the detector plane. A Type A dosimetric uncer
distance from the source elative to the mean det
appears as an uncertainty In detector reading, However,a Type
Buncertainty in the mean distance of s group of detectors must
be considered in the analyss of A and g(r. For measurements
of the 2D anisotropy function (), the uncertainty in the
iance of each detector from the source must be determined.
In addition, the uncertain
axis must be considered.

Tuminescence are elaborated ‘Chapter 24 of the 2009
‘School text (DeWerd et al. 2009). The use of

2) to measure absorbed dose would be less than 6%
2010),
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Margin Concepts in
e vt Image-Guided Brachytherapy

Christian Kirisits

171 GTV. CTV, and PTV Concepts in External Beam Radiotherapy and Brachytherapy .. 235

172 Uncertainties in BT ... e 235
Gy siderations on Dose Distribution and Use of Margins in

BT.

17.1 GTV, CTV, and PTV Concepts
in External Beam Radiotherapy
and Brachytherapy

Gross tumor volume (GTV) and dlinicl taget volume.
are oncological volume concepts that must be trated
tain dose n order to achieve the aim of radiotherapy
1993; ICRU 62 1999). GTV and CTV are no dependent on th
radiotherapy technique or on treatment planning, The actua
delineation depends on the imaging technique used,the time of

pensate for such uncertalnties. Howeve
dose distribution is fundamentally diff

any radiotherapy technique. Organ movements and inaccura-
cles In beam setup and patient setup are potential sources of

volu

PTV), whi
PTV concept
‘mended In ICRU report
71 2004; ICRU 78 2007
successfully and widely used within EBRT. During dose plan-
ning, it is almed to cover the PTV with the prescription dose.
‘The consequence of margin applicti

dose plteau Is Increased in size. Therefore, the
that geometric uncertainties will lead to under-dosage of the
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jon source Is placed diectly in the tumor
in general, move together with the

target. This is somewhat diffrent for OARS, which may move

independently of the source channels.

Source positoning uncertainties are monitored with con-
tnuous QA, typcally a source exchange and dariog applica-
tor commissioning, The tolrance limit for source positoning
uncertaintis in  straight catheer is usually +1 mm (Venselzar
and PéreCalatayud 2004). In curved applictors—such a the
ting applicaor-—source positioning uncertaintes can be lrger,
and source misplacements of -4 mm may appear (Hellcbust e
al. 2007 Kohr and Sicbert 2007). However, during reconstruc

the direction perpendicul
Image distortions on MRIs may also contribute to geometric
uncertalnties. However, or the most common sequences that are
s for MRIguided BT, the Image distortions are negligible n the
center of the magnet where the appi
the genera region of interest are ituated (Dimopoulos etal. 2012),
In summary, geometric uncertainties are typically arger in

the. along source catheters since recons
s, fusion uncertainties, and source posi

Janning, which may take around 1-5 h deper
infrastructure and on the complexity of the implant and the

Comprehensive Brachytherapy

Leeuwet al.2009), or with high dose rate
red based on one applicator

dependent on the applicator type,
 and the handling of the patient.

173 General Considerations on
Dose Distribution and Use of
Margins in Afterloading BT

ABT point source delivrs a dose that fll off approximately by
the square of the distance to the source. When several source
positionsare combined inaftrloading BT, the dose distrbation
s modulated. A number of source dwell postions alon  cath
ter wil lead 1o a dose distibution that s similar to that rom
a radioactive wire. The dose distrbution i of 8 ifferent nature
jon alon the axis of source catheters (longitudinal

he directon perpendicular o these (radial

target. This requires
han the CTV. In this

ce n of the Implant s typically
ed by such a modification of dwell positions at
the edge of or outside the trget.

17.3.2 Radial Direction

“The radial dose fallofis almost exclusively determined by phys-
ics (inverse square law) and is mainly determined by the dis.
tance to the source catheter. The radial dose gradients cannot
o become less steep by modifying the loading
s not possible to obtain a homogencous dose
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